INTRODUCTION 43
Plants have evolved anatomical and physiological mechanisms for the effective and 44 selective uptake, transport and accumulation of metals in their tissues (White, 2012) . Some 45 plant species have evolved strategies to cope with the toxic effect of the heavy metals (HM) 46 that are present in excess in the environment as a result of human activity (e.g. mining and 47 heavy industry, waste incineration, sewage sludge application) and/or natural processes (e.g. 48 volcanic emissions, weathering and erosion of soil, forest fires, evaporation of the oceans) 49 (Baker et al. 2000; Hood 2010; Kabata-Pendias 2011) . The accumulation and tolerance of HM 50 in plants have developed in the course of their evolution as a response to abiotic stress. The 51 hyperaccumulation and hypertolerance of HM, which is manifested as the accumulation of 52 unusually high concentrations of metals in plant shoots without any visible symptoms of 53 toxicity (Verbruggen et al. 2009; Krämer 2010; Verbruggen et al. 2013) , are extreme 54 examples of these traits. Approximately 500 taxa have been classified as HM 55
hyperaccumulators (Brooks, 1998; Baker et al. 2000; Verbruggen et al. 2009; Krämer, 2010; 56 van der Ent et al. 2013) . Hyperaccumulators of As, Cd, Mn, Ni, Se and Zn have been 57 described and experimentally confirmed, whereas the hyperaccumulation of Ta, Co, Cr, Cu is 58 still in doubt (van der Ent et al. 2013 ) and the hyperaccumulation of Pb is questionable 59 (Koubová et al. 2016) . For the micronutrients that are classified as HM (e.g. Cu, Mn and Zn), 60 three concentration ranges were distinguished, which determine the physiological response of 61 plants -deficiency, optimal concentrations and toxic concentrations. Non-essential elements 62 (e.g. Cd and Pb) are not necessary for plant growth and there are no growth-limiting low 63 concentrations for such elements (Lin & Aarts, 2012) . 64
The specific group of plants that occur in areas that have been contaminated with HM 65 are eu-and pseudometallophytes, which are species that are only found in metalliferous sites 66 and appear in both metalliferous and non-metalliferous habitats, respectively (Pauwels et al. 67 hyperaccumulator of Cd and Zn (Krämer 2010; Mandáková et al. 2015) . It was proved, that in 110 this species the concentration of Zn was the highest in vacuoles of epidermal cells (Frey et al. 111 2000) , whereas, the highest concentration of Cd was observed on the way of water migration 112 from the vascular cylinder to epidermal cells, which is in line with passive Cd transport by the 113 transpiration stream (Wójcik et al. 2005) . 114
Other physiological processes, such as photosynthesis have rarely been examined in A. 115 halleri to date (Cho et al. 2003; Mayer et al. 2010) . On the other hand, a proteomics analysis 116 of A. halleri shoots showed that photosynthesis-related proteins are up-regulated in plants that 117 have been exposed to Cd or Zn, suggesting that both metals exert an influence on this 118 physiological process (Farinati et al. 2009 ). Moreover, A. halleri accumulates Cd and Zn 119 predominantly in mesophyll cells in which photosynthesis occurs. Hence, investigations on 120 the photosynthetic activity of A. halleri seems to be particularly useful to assess plant 121 physiological status, and could provide new data on the mechanism of the adaptation of both 122 NM and M populations to their habitats. 123
Measuring the chlorophyll a fluorescence is a common method for monitoring the 124 photosynthetic activity of plants and algae, which allows photosynthesis under stress to be 125 studied in situ and in the laboratory, thus providing rapid information on the electron transfer 126 reactions involving photosystem II (PSII) and/or photosystem I (PSI) in ecotoxicological 127 research (Baker, 2008; Kalaji et al. 2011 Kalaji et al. , 2012 Kalaji et al. , 2014b . Plants, algae and cyanobacteria emit 128 fluorescence at a wavelength of 660-780 nm, the source of which is PSII. In the analysis of 129 the chlorophyll a fluorescence (ChlF) transients it is generally accepted that the state of the 130 PSII reaction centers (RC) is defined only by the redox state of the PSII primary quinone 131 acceptor (Q A ). When Q A in an RC is reduced (Q Aˉ) , the RC is closed and the ChlF is high, 132 whereas when Q A is in the oxidized state, the RC is open and the fluorescence of the antenna 133 is quenched (Strasser et al. 2004 ). HM cause a negative impact on the light phase of 134 photosynthesis and the efficiency of the photosystem. For example, Cd and Zn have a direct 135 effect on the activity of LHPII (Light Harvesting Protein II), PSII, the fraction of Q A and the 136 oxygen-evolving complex (OEC) (Myśliwa-Kurdziel et al. 2002; Kalaji and Loboda 2007; 137 Tuba et al. 2010) . 138
The accumulation of heavy metals in tissues of hyperaccumulators (e.g. A. halleri, N. 139 caerulsecence) was the major goal of the studies conducted on these species in situ (Bert et al. 140 information available concerning the physiological status of A. halleri plants growing in their 144 natural environment. It seems particularly important, because A. halleri inhabits various 145 habitats from upland forests to alpine meadows, which differ in the quality and quantity of 146 irradiance, annual precipitation and temperature as well as the concentration of HM in soil. 147
Taking into account that A. halleri is able to grow in such different habitats, it could be 148 hypothesized that different populations should be diverse in their physiological status, 149 regardless of whether the population is NM or M. Therefore, in this study, we focused our 150 attention on investigating the physiological diversity within the non-metallicolous as well as 151 within metallicolous populations of A. halleri in situ, which have not yet been examined in 152 detail. For this reason, three metallicolous and two non-metallicolous populations of 153
Arabidopsis halleri from different habitats, which are closely related genetically, were chosen 154 and photosynthesis under the influence of the environmental conditions (ecological pressure) 155 was investigated. The concentration of the elements in the roots and shoots was also 156 examined. The PCA method was used to describe the relationship between the accumulation
RESULTS

162
Accumulation of elements 163
Population 'P' accumulated the highest concentrations of Cd and Zn in the shoots 164
(1,003 and 24,320 mg g -1 , respectively) (Tab. 3), which corresponds with the highest content 165 of both metals in the soil (Tab. 2). It is noteworthy that the A. halleri at this site accumulated 166 the lowest iron concentration compared with the other M populations (only 109.4 mg g -1 ). The 167 remaining M populations ('B' and 'W') also showed a hyperaccumulation of Cd and Zn, but 168 the concentration in the shoots did not exceed 210 and 12,500 ppm, respectively (Tab. 3). 169
Both were also characterized by the highest iron content in the shoots compared to the other 170 sites. The shoot:root ratio of Zn for the metallicolous populations 'B', 'P' and 'W' were as 171 follows: 1.88, 2.54 and 1.16. For Cd, this ratio was 2.26, 1.95 and 1.98, respectively. 172
Hyperaccumulation was not observed in the non-metallicolous populations since the 173 concentration of HM in the shoots were always much lower than in the roots (Table. 3). 174
Populations 'R' accumulated significantly higher concentrations of Ca and Mn in the shoots 175 compared to the other examined populations. It is noteworthy that in the 'C' population. the 176 concentration of Mg in the shoots (5,686.6 mg g -1 ) was highest compared to all of the other 177 sites that were studied. 178
Characteristics of the photosynthetic apparatus 179
The definitions of parameters that are used to describe photosynthesis are presented in 180 Table S2 . An increase in the fluorescence of chlorophyll a was shown as a typical OJIP 181 transient since fluorescence was measured at the time of 1 second on a logarithmic scale (Fig. 182 1A) (Strasser et al. 2004) (Fig. 1B) . ΔV t 192 was calculated according to Kalaji et al. (2014a) (Kalaji et al. 2014a ). Figure 1B clearly shows that the metallicolous 205 populations are characterized by the presence of all three peaks, but that the ΔV t characteristic 206 is different depending on the examined populations. Populations 'P' and 'W' were 207 characterized by high values at ΔK, whereas population 'B' showed the highest value at ΔI. 208
The ΔV t curves of the NM plants 'C' population did not deviate significantly from the values 209 of the reference population 'R'. Population 'C' had identical values at ΔJ, although higher 210 peaks were observed at ΔK and ΔI (Fig. 1B) . 211
The 'R' population was characterized by the highest value of the maximum quantum 212 whereas the lowest was measured for population 'P', which inhabits the meadow in Piekary 244
Śląskie. In the 'P' population the value of RC/CS only reached 60% of that observed in the 245 reference population ('R'). Plants in population 'P' were also characterized by the lowest 246 values of ABS/CS, TR/CS and ET/CS. 247
The influence of the environment on the physiological parameters and accumulation of 248 metals 249
The Principal Component Analysis (PCA) showed many relationships between the 250 environmental and physiological factors of A. halleri populations that were studied (Fig. 3) . 251
The PCA factors explained 89.81% of the variation in the dataset. The first axis (ordinates) 252 explained 68.19% of the variation and clearly separated the NM and M populations. The PCA 253 confirmed that the NM populations were characterized by a greater plastoquinone pool (Area 254 parameter) and yield of electron transport (φE 0 ) compared to the plants from the metalliferous 255 sites, which indicates a better performance of PSII. The second axis, which explained 21.62% 256 variation in the data, separated the group of parameters that were related to climate conditions 257 and chlorophyll content. Based on the analysis, there was a negative correlation between all of 258 the photosynthetic parameters and HM accumulation in the shoots and the concentration in 259 the soil (Tab. S1). A positive relation between precipitation, temperature and the PSII 260 parameters was also found. It should be emphasized that a negative linear relationship 261 between the quantum yield of electron transport (φE 0 ) and Cd accumulation in the aerial parts 262 of plants was observed (Fig. 3) . 263
It is noteworthy that φP 0 correlated with both the environmental and physiological 264 factors (Tab. S1). These results confirm that φP 0 can be used to predict the general 265 physiological status of a plant. Based on this parameter, the 'R' population had the best and 266 population 'P' had the worst physiological status (Fig. 3) . 267
DISCUSSION 270
Plant mineral composition 271 Stein et al. (2017) found that the hyperaccumulation of Cd is not observed in most of 272 NM populations that grow on soils with a natural concentration of both metals. All three NM 273 populations (C and R) that were investigated in the current study accumulated a low amount 274 of Cd in their shoots (Tab. 2), thus hyperaccumulation was also not detected in these plants. 275 However, Stein et al. (2017) which prevents the toxic effect of zinc was proposed by Shanmugam et al. (2013) . Recent 294 reports also confirmed an increase in the accumulation of iron in the leaves of plants that 295 characterized by a hyperaccumulation of Zn and Cd (Stein et al. 2017) . 296
It has been shown that Cd enters plants through the same transport routes as Zn (Zhao 297 et al. 2006) . The role of the calcium antiporter CAX1 in Cd tolerance has also been postulated 298 (Baliardini et al. 2015) . Therefore, competition between Cd 2+ , Zn 2+ and Ca 2+ ions should 299 reflect changes in the accumulation of these elements. For all of the M populations, the 300 calcium concentrations showed a significant decrease compared to the reference population 301 'R' (Tab. 2). Results reported by Meyer et al. (2015) and Stein et al. (2017) showed a 302 stimulating effect of Cd on the accumulation of Mg in the shoots of A. halleri. The present 303 research also confirmed a higher accumulation of Mg in the shoots of the M populations 304 compared to 'R' population. Although the NM population 'C' was characterized by the highest 305 concentration of Mg, this phenomenon will be discussed further in the section on the 306 photosynthetic apparatus. Unfortunately, there is dearth of papers discussing the effect of 307 heavy metals on the mineral composition of plants growing in situ. 308 Stein et al. (2017) investigated sites 'B' and 'W', which were presented in this study, 309 and some populations from Tatra Mountains region, from which could be possible to select 310 similar to 'R' population. It was found that relationships between element concentrations (Ca, 311
Cd, Cu, Fe, Mg, Mn, Pb and Zn) analyzed in plants were qualitatively and quantitatively 312 similar in both studies. 313
The impact of environmental factors on the photosynthetic apparatus 314
The toxic effect of HM on photosynthesis has been investigated on the cell, tissue, 315 organ and whole plant levels (Mallick and Mohn 2003; Maksymiec et al. 2007; Baker 2008) . 316
The results for the M populations presented in this paper describe the toxic effect of HM on 317 the PSII activity parameters, such as φP 0 , that are measured in situ (Tab. 4). There is a dearth 318 of papers presenting the results of the PSII activity in situ, but some studies that have been 319 performed in controlled conditions showed that this parameter (also known as F v /F m ) 320 decreases under the toxic effect of Cd (Cho et al. 2003; Zhou & Qiu 2005; Küpper et al. 2007; 321 Maksymiec et al. 2007 ), Pb (Kalaji & Loboda, 2007) and Zn (Cho et al. 2003; Przedpelska-322 Wasowicz & Wasowicz, 2013) Hordeum vulgare) were characterized by a significant decrease in the PSII activity under 328 relatively low doses of Cd (100 μM of Cd had a lethal effect) (Cho et al. 2003; Kalaji & 329 Loboda, 2007; Maksymiec et al. 2007) . 330
We confirmed the negative impact of HM on energy fluxes per PSII (Fig. 2)  331 Moreover, other authors have shown that Cd strongly interacts with PSII, which causes the 332 deactivation of the reaction centers (RC), and as a result, a decrease in energy trapping (TR) 333 and a substantial increase in energy dissipation (DI) (Zhou & Qiu, 2005 , Kalaji & Loboda, 334 2007 . In hyperaccumulators, the toxic effect of HM on photosynthesis was lower (Zhou & 335 Qiu, 2005) compared to the non-tolerant H. vulgare, in which 25 μM of Cd in the shoots 336 caused the total deactivation of the PSII and the loss of energy flux (Kalaji & Loboda, 2007) . 337
Cadmium caused a flattening of the curves of the chlorophyll fluorescence transient in 338
A. halleri M populations (Fig. 1) , which may be associated with its toxic effect on the OEC 339 (Oxygen Evolving Complex), Q A pool and final elements of the electron transport chain, 340
including FNR (Ferredoxin-NADP + Reductase), which has been reported in a few papers 341 (Kalaji & Loboda, 2007; Kalaji et al. 2014a ). The changes in OJIP curves (Fig. 1) showed that 342 HM did not cause the deactivation of the PSII in A. halleri as was observed in H. vulgare 343 (Kalaji & Loboda, 2007) . 344
A. halleri, compared to plants which are not hyperaccumulators, has a much higher 345 tolerance to the toxic effects of HM. Concentrations of heavy metals, which almost 346 completely inactivate the PSII of barley or A. thaliana (Cho et al. 2003; Kalaji & Loboda, 347 2007; Kalaji et al. 2014a) , only impaired the photosystem negligibly in the case of A. halleri 348 ( Fig. 1 and 2 , Tab. 4). We found that the M populations that were investigated were 349 characterized by high resistance of their photosynthesis compared to non-tolerant plants. 350 Nevertheless, differences in the PSII activity within the M populations that were studied were 351 dependent on the accumulation of HM in their shoots. The 'P' population, which was 352 characterized by highest accumulation of Cd, Zn and Pb, had the lowest yield and activity of 353
PSII. 354
The physiological status of the plants from population 'C' was very interesting due to 355 the harsh habitat conditions that are connected with growth in an alpine zone. Although the 356 PSII of these plants had the most extensive antennas and the highest electron transport, 357 considerable damage of the RC and high values of dissipation energy was observed (Fig. 2) . 358
Furthermore, a high ΔK-band was visible on the ΔV t curves, which was probably connected 359 with OEC damage (Fig. 1b) . Population 'C' was characterized by the worst physiological 360 status, which was indicated by the parameter φP 0, which was at the level of the plants from 361 site 'P' (Tab. 4). Zivcak et al. (2014) 
demonstrated that plants living in conditions in which 362
there is high light intensity showed an increased content of chlorophyll, number of electron 363 carriers and higher electron transport between PSII and PSI compared to those living in shade 364
conditions. An increase of chlorophyll content with altitude has been confirmed for many 365 species (Kofidis et al. 2007; Pellissier et al. 2014) . Based on the data presented above, it can 366 be hypothesized that the extensive photosynthetic apparatus in mountain plants is an effect of 367 the necessity to accomplish the entire life cycle in only four months. Thus, in plants from 368 population 'C', which grow on an alpine meadow at an altitude of more than 2,000 m AMSL, 369 the extensive antennas and the high electron transport may be connected with the specific 370 environmental conditions. On the other hand, these plants are exposed to extremely high solar 371 radiation and a relatively high dose of UV radiation, which could damage the electron 372 transport chain. Local adaptation by natural selection is a fundamental process in population 373 differentiation and speciation (Kawecki & Ebert, 2004) . 374
The chlorophyll content in the leaves of the NM and M populations did not differ 375 significantly (Tab. 4) with the exception of the 'C' (discussed above) and 'B' sites. On the one 376 hand, habitat 'B' is a metalliferous site, while on the other, it is on the edge of a forest and 377 under the cover of herbaceous species and therefore its reduced chlorophyll content could be 378 caused by the shade conditions (Zivcak et al. 2014 ) and/or the toxic effect of HM on the 379 biosynthesis of the photosynthetic pigment (Myśliwa-Kurdziel & Strzałka, 2002) . The lower 380 content of chlorophyll in population 'B' compared to population 'W', which was caused by 381
Cd treatment, was also previously observed by Meyer et al. (2015) in controlled conditions. 382
It is tempting to suggest that a wide range of environmental factors, including a wide 383 range of temperatures, precipitation, irradiation, altitude and HM contamination affected the 384 diversity within the M and NM populations and caused the appearance of highly specialized 385 ecotypes, which differ in their physiological status. It can be hypothesized that differences in 386 photosynthetic efficiency make it improbable to join plants from different habitats into one 387 population, but with a common trait such as the hyperaccumulation of HM, it becomes 388 possible. Stein et al. (2017) confirmed this hypothesis by demonstrating high degrees of 389 differences in the accumulation of HM between each population of A. halleri that they 390 investigated. 391
CONCLUSIONS 392
In this study, the relationship between selected photosynthetic efficiency parameters, 393 soil heavy metal concentrations and environmental factors are presented for A. halleri plants 394
in situ for the first time. The high degree of internal physiological diversity within the 395 populations that inhabit metalliferous and non-metalliferous sites was presented and proven. 396
In each metallicolous population, the Cd and Zn accumulation in the shoots was always 397 higher than in the roots. Regardless of the hypertolerance of A. halleri to HM, the toxic effect 398 of Cd, Pb and Zn on some of the photosynthetic apparatus efficiency parameters such as φP 0 , 399 φE 0 and RC/CS was observed. Changes in the PSII parameters, extension of the antennas and 400 an increased synthesis of the photosynthetic pigment could be a physiological response to the 401 climatic conditions in the alpine zone. Investigations of A. halleri that consider plants from 402 different metallicolous or non-metallicolous populations as one group may lead to 403 inconsistent results due to the extremely high physiological diversity within metallicolous and 404 non-metallicolous populations, which was observed in this study. The ecophysiological 405 studies on A. halleri can pave the way to better understanding the hyperaccumulation 406 phenomenon and the factors that may modify this process. 407
MATERIALS AND METHODS 408
Description of the sites 409
In this study, selected Arabidopsis halleri populations were examined. The selection 410 was based on the variability of environmental conditions in order to present the intraspecies 411 variation in physiological traits (Tab. 1). Natural populations of Arabidopsis halleri were 412 sampled in July 2015 after performing three weeks of physiological measurements. The 413 populations were selected due to high environmental differences between them -different 414 altitudes and levels of soil contamination by heavy metals (Tab. 1). The populations were 415 divided into two groups -metallicolous (M) and non-metallicolous (NM) (Tab. 1). This 416 division was based on the Cd, Zn and Pb content in the soil (Bert et al. 2002; Kabata-Pendias, 417 2011). On the metalliferous sites, soil contamination was the result of the activity of zinc and 418 lead smelters. In this paper, the abbreviation HM will refer to the following elements: Cd, Pb 419 and Zn. 420
The M populations that were studied are located in Upper Silesia in Southern Poland. 421
They were from 10 to 40 km apart in a straight line. It is noteworthy that the Piekary Śląskie 422 ('P' site) was characterized by the lowest average precipitation (Tab. 1) and the highest HM 423 contamination (Tab. 2) compared to the other habitats that were studied. The second area in 424 terms of contamination was Wełnowiec ('W'). The soil from site 'W' was characterized by the 425 highest content of Fe, Mn and Cu of the tested sites. It also contained relatively high Zn and 426
Pb levels, but these were significantly lower concentrations than the concentrations in soil 427 from site 'P'. Habitat 'W' was characterized by the highest mean annual temperatures and 428 relatively high precipitation. When compared with the other metalliferous sites, the soil that 429 was the least contaminated by heavy metals was in Bukowno ('B') (Tab. 2). Sites 'W' and 'B' 430 are also known in the literature as PL15 and PL22, respectively (Meyer et al. 2010 (Meyer et al. , 2015 . 431
The NM populations are located in the Western Tatra Mountains. Population 'R' 432 (Rocky site) inhabits niches in a rock formation (limestone/dolomite), which has a north-433 facing aspect, and as a result it was not directly exposed to sunlight (Tab. 1). Due to the 434 skeletal character of the soil, it was rich in Mg and Ca, contained trace amounts of 435 phytoavailable HM and had a slightly alkaline pH (Tab. 
Collection and analysis of the plant and soil samples 458
At each site, eight individual plants (except site 'C', where n = 6) with a lump of soil 459 to protect the root systems were collected from the 20 plants that were used for the 460 chlorophyll content and fluorescence measurements. At each site, the populations had a large 461 number of specimens and the sampling that was performed on them did not cause significant 462 injury to their abundance or diversity. In the laboratory, the shoots were separated from the 463 roots and pre-washed thoroughly in tap water and then washed using an ultrasound washer 464 filled with deionized water. Each plant sample was dried at 80˚C for 72 hours to obtain the 465 dry weight. Then, the dry plant material was ground in a mortar, mixed and acid-digested. 466
For each plant, three samples of the soil from its immediate surroundings were 467 sampled and mixed together in order to obtain one composite sample per plant. In the 468 laboratory, the soil samples were air-dried and sieved through a 2 mm screen, then used for 469 physicochemical analyses. Soil pH was measured in deionized H 2 O (1:2.5 m/v) and 1M KCl 470
(1:2.5 m/v) with a combination glass/calomel electrode (OSH 10-10, METRON, Poland) and 471 a pH/conductivity meter (CPC-505, Elmetron, Poland) at room temperature after 24 h of 472 equilibration. The electrical conductivity (EC) was determined in a deionized water 473 suspension (soil to solution ratio 1:2.5 m/v) at room temperature after 24 h of equilibration by 474 using a glass conductivity cell (EC-60, Elmetron, Poland) and a pH/conductivity meter (CPC-475 505, Elmetron, Poland). The total metal content was determined after acid digestion of the 476 soil, which had been ground to < 0.25 mm. 477
It is generally accepted that the total concentration of metals in soils does not always 478 correlate with their uptake and toxic action on living organisms (Koster et al. 2005) . As a 479 consequence, a large number of soil extraction methods have been developed to obtain the 480 bioavailable fraction of metals (for a review see Peijnenburg et al. 2007 ). Among these, the 481 one-step extraction method of soil with 0.01 M CaCl 2 , which was proposed by Houba et al. 482 (1996) , has proven to be a very useful indication of metal phytoavailability (Pueyo et al. 2004; 483 Meers et al. 2007; Peijnenburg et al. 2007 ) and has been used by many different laboratories 484 Beijing, China) was used for the quality assurance of the analytical data. 497
Statistical analyses 498
Results are shown as the means ± SE. The statistical significance of the differences 499 was determined using one-way ANOVA and the post hoc Fischer LSD test (P < 0.05). The 500 principal components analysis (PCA) was used to identify the dominant groups of the factors 501 that determine and describe the habitats. The software used for the statistical analyses was 502 Statistica v.12 (StatSoft Inc., USA). The pipeline models of energy fluxes through the leaf 503 cross sections were created using CorelDRAW X6 (Corel Corp., Canada) . 504 Table S1 . Correlations between factors examined using PCA 506 Table S2 . Abbreviations and definitions of photosynthesis parameters 507 Parameters: φP 0 -maximum quantum yield of the primary PSII photochemistry; ψE 0 -581 probability (at t = 0) that a trapped excitation moves an electron into the electron transport 582 chain beyond Q A ; φE 0 -quantum yield of electron transport (at t = 0); Area -the area above 583 the chlorophyll fluorescence curve between F 0 and F m (reflecting the size of the plastoquinone 584 pool); Chl -chlorophyll content; P -average annual precipitation; Alti -altitude of site; T -585 annual average temperature; S xx -heavy metal content in the soil; P xx -heavy metal content 586 in the shoots. 587 588 SUPPLEMENTAL DATA 589 Table S1 . Correlations between factors examined using PCA 590 Table S2 . Abbreviations and definitions of photosynthesis parameters 591 Figure S3 . The overview map of location of investigated sites. 592 Figure S4 . The pictures of investigated sites. 593 594
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